Introduction {#Sec1}
============

Diabetes is a significant and growing global health problem. Recent data from the International Diabetes Federation indicate that worldwide about 415 million people (8.8% of adults aged 20--79 years) have diabetes, and it is anticipated that this figure will increase to 642 million (10.4% of the adult population) by 2040 \[[@CR1]\]. In France, approximately 3.3 million people (5.0% of the population) have diabetes \[[@CR2]\], and the prevalence has increased by 2.3% per annum between 2009 and 2013 \[[@CR3]\]. In developed countries, 95% of adults with diabetes have type 2 diabetes, reflecting increasingly sedentary lifestyles, adiposity and adverse dietary factors \[[@CR1]\].

Treatment options for type 2 diabetes have expanded in recent years, with the introduction of a number of new classes of medication, including glucagon-like peptide-1 (GLP-1) agonists, and more recently dipeptidyl peptidase-4 (DPP-4) inhibitors \[[@CR4]\]. The latter act by inhibiting the breakdown of GLP-1, thereby increasing circulating concentrations of this peptide. GLP-1 is responsible for 50−70% of glucose-dependent insulin secretion, \[[@CR5]\] and hence inhibition of GLP-1 breakdown resulting in increased peripheral glucose utilization, decreased hepatic glucose production, and improvements in both postprandial glycemia and fasting plasma glucose \[[@CR6], [@CR7]\] of 4.7 g min/dl and 13 mg/dl, respectively, in comparison to controls \[[@CR7]\]. In addition, DPP-4 inhibitors do not adversely affect body weight and have been shown to improve β-cell function \[[@CR7]\]. Clinical trials in diverse patient populations with type 2 diabetes have shown that DPP-4 inhibitors are effective in improving glycemic control and have a low risk of hypoglycemia (although this may increase when used in combination with agents associated with hypoglycemia, such as insulin or sulfonylureas) \[[@CR8], [@CR9]\].

Currently available DPP-4 inhibitors differ markedly in their pharmacologic characteristics, and this may have implications for their clinical efficacy and safety profiles \[[@CR10], [@CR11]\]. Saxagliptin is a potent, reversible, competitive DPP-4 inhibitor with high selectivity for human DPP-4 and a potency approximately tenfold greater than that of vildagliptin or sitagliptin \[[@CR9], [@CR12]\]. Administration of saxagliptin after a meal or after an oral glucose dose results in a two- to three-fold increase in circulating GLP-1 concentrations, decreases in circulating glucagon concentrations, and hence a reduction in post-prandial glucose levels, with an improvement in β-cell responsiveness to glucose \[[@CR9]\]. The efficacy and safety of saxagliptin in people with type 2 diabetes have been extensively investigated in both monotherapy \[[@CR13], [@CR14]\] and combination therapy \[[@CR15]--[@CR21]\] settings. Saxagliptin has been available in France as monotherapy (Onglyza^®^) since September 2010 and in a fixed-dose combination with metformin (Komboglyze^®^) since November 2012. As a condition of marketing, the Transparency Committee of the French Haute Autorité de Santé (HAS) requested a long-term cohort study to document the efficacy and safety of saxagliptin in patients with type 2 diabetes under real-world conditions. The results of this study, the Description of Drug Utilization and Assessment of Impact of Saxagliptin on Health Status of Patients with Type 2 Diabetes in France (DIAPAZON) study, are presented here.

Methods {#Sec2}
=======

The DIAPAZON study was a multicenter observational study of people in France with type 2 diabetes starting treatment with saxagliptin, who were recruited by a representative sample of French general practitioners (GPs) and specialists (endocrinologists and diabetologists). The primary objectives of the study were to describe the demographic and clinical characteristics of the population starting saxagliptin and patterns of saxagliptin use and to evaluate the saxagliptin retention rate, changes in glycated hemoglobin (HbA1c) and body weight, and the incidence of hypoglycemia during saxagliptin treatment over 2 years.

All procedures followed were in accordance with the ethical standards of the responsible committees on human experimentation (institutional and national) at each participating institution and with the Helsinki Declaration of 1964. Informed oral consent was obtained from all participants included in the study. In accordance with European regulations, ethical approval was not necessary for this observational study, because no additional therapy or monitoring was required. All data processing was carried out in compliance with French Information Technology and Privacy laws.

Physician Recruitment {#Sec3}
---------------------

Participating physicians were identified from the TVF database (Cegedim, Boulogne-Billancourt, France). Initially, invitation letters were sent between May and September 2012 to 16,000 randomly selected GPs, stratified by French administrative region. This sample size was based on the assumption that positive responses would be obtained from 10% to 20% of invited physicians. However, it was necessary to invite a further sample of approximately 16,000 newly selected GPs at the end of 2012 to achieve the required number of participating GPs (see below). All endocrinologists or diabetologists included in the TVF database (*n* = 1013) were invited to take part in the study.

Study Population {#Sec4}
----------------

This study involved an ambispective cohort of adults (aged ≥18 years) with type 2 diabetes who consulted a participating physician for any reason during a 2-month inclusion period (subsequently increased to 9 months because of low inclusion rates) and who had started saxagliptin treatment during the 6 months prior to inclusion or at study inclusion. The only exclusion criterion was participation in a clinical trial.

Follow-up {#Sec5}
---------

Participants were followed for 24 ± 3 months after starting saxagliptin, and all data obtained during this time were included in the analysis. Participants who discontinued saxagliptin treatment during this period were retained in the study and followed until the end of the follow-up period. The primary endpoints, which were based on physicians' reports, included socio-demographics; clinical characteristics and comorbidities; saxagliptin use (dosage and concomitant medications); compliance with the therapeutic indications for saxagliptin \[[@CR22], [@CR23]\] and clinical guidance in force at the time of the study \[[@CR24]\]; compliance with the reimbursed therapeutic indications, as defined by the French state health insurance fund for salaried workers \[Caisse Nationale de l'Assurance Maladie des Travailleurs Salariés, (CNAMTS)\] \[[@CR25]\]; saxagliptin discontinuation rates and reasons for discontinuation (saxagliptin was considered to have been permanently discontinued when a prescription that did not include saxagliptin was issued at least 30 days after the last prescription of saxagliptin); changes in HbA1c and body weight during saxagliptin treatment; mean number of severe hypoglycemic episodes and adverse events. Severe hypoglycemic events were defined as symptomatic hypoglycemic episodes requiring outside assistance or hospitalization due to severe alterations of consciousness or behavior.

Statistical Methods {#Sec6}
-------------------

### Sample Size Calculation {#Sec7}

The sample size calculated was designed to ensure that the study provided meaningful information on the use and impact of saxagliptin by focusing on two variables: the saxagliptin retention rate at 2 years and the percentage of participants with an HbA1c level \<7% during the study. It was estimated that a sample size of 1000 participants would allow the saxagliptin retention rate at 2 years to be estimated with an acceptable precision of ±2.5%. Similarly, assuming that HbA1c data would be available for 90% of participants at the end of the study, it was estimated that a sample size of 900 participants would allow the percentage with HbA1c \<7% to be described with a precision of ±3.3%.

It was considered reasonable to ask each participating physician to enroll two people into the ambispective cohort, and hence it would be necessary to recruit 500 physicians to achieve a sample size of 1000 patients. Assuming that approximately 80% of people with type 2 diabetes are managed by GPs, it was therefore necessary to recruit approximately 400 GPs and 100 specialists.

### Statistical Analyses {#Sec8}

Comparisons between participating physicians and a geographically representative sample of French physicians drawn from the 2012 Research, Studies, Evaluation and Statistics Division \[Direction de la recherche, des études, de l'évaluation et des statistiques, (DREES)\] database \[[@CR26]\], and comparisons between people included and not included in the ambispective cohort, were made using Student's *t* tests for continuous variables and *χ* ^2^ or Fisher's exact tests for categorical variables.

Analyses of baseline data were purely descriptive; to minimize potential bias arising from the sampling method, weights related to frequency of consultation and physician sampling frame were applied for each patient included in the ambispective cohort for descriptive analyses only, except for analyses of safety data during follow-up (adverse events, hypoglycemia and comorbidities). Separate analyses were also performed according to the investigator's specialty (GP or endocrinology/diabetology).

Saxagliptin retention rates at 6, 12, 18 and 24 months were calculated by the Kaplan-Meier method. A conservative methodology was used, whereby all premature withdrawals from the study were considered to be discontinuations of saxagliptin therapy.

HbA1c values over time and changes in body weight from baseline to the end of follow-up were estimated by mixed models for repeated measures. Models included site and participant as random effects and time from diagnosis to saxagliptin initiation, age at saxagliptin initiation, physician specialty and body weight at baseline (only in the model to analyze change in weight) as fixed effects. Furthermore, additional factors were individually tested in the models at the *P* \< 0.2 level. Final models were determined by backward selection of factors at a significance level of *P* \< 0.05. The additional factors were gender, baseline body mass index (BMI), tobacco use, physical exercise and compliance with therapeutic indications \[[@CR22], [@CR23]\] and glucose-lowering treatment prescribed at initiation.

This study was registered on ClinicalTrials.gov: NCT01552005. All analyses were performed using SAS^®^ version 9.2 (SAS Institute, Cary, NC, USA) and AdClin^®^ version 3.3.1 (AdClin, Paris, France) software, and *P* values below 0.05 were considered significant.

Results {#Sec9}
=======

Physician Recruitment {#Sec10}
---------------------

A total of 33,010 physicians were contacted, of whom 1032 agreed to participate in the study. Of these, 814 (78.9%) responded before the quota of participating physicians had been reached; of these, 667 (81.9%) completed the administrative procedure and participated in the study and 304 (45.6%) recruited at least one patient into the ambispective cohort. Of the 304 "active" physicians, 80.6% were GPs, and 19.4% were specialists (Table [1](#Tab1){ref-type="table"}). Their mean (±SD) age was 52 ± 8 years, and 76% were male. A majority of participating general practitioners were in private practice (93.8%); in contrast, 33.9% of endocrinologists/diabetologists were in private practice, 41.1% practiced in the public sector, and 25.0% had a mixed practice. Almost all of the participating physicians (93.5%) had at least one patient who was receiving saxagliptin prior to their participation in the study. Compared with the participating physicians, non-participating physicians (those who refused to participate or did not return financial agreements before inclusion) were more likely to be female (23% versus 43%, respectively), work in the public sector (7.5% versus 18.4%) and have no patients receiving saxagliptin (6.5% versus 40.9%).Table 1Demographic characteristics of physicians enrolling patients (participating physicians) compared with a geographically representative sample of French physicians derived from the Direction de la recherche, des études, de l'évaluation et des statistiques (DREES) database \[[@CR26]\]General practitionersParticipating physicians (*n* = 245)DREES database (*n* = 101,803)Age (mean, years)53.451.4Male85.4%58.4%Type of practice  Private93.8%62.5%  Public2.2%17.0%  Mixed4.0%5.5%  Other015.0%Endocrinologists/diabetologistsParticipating physicians (*n* = 59)DREES database (*n* = 1737)Age (mean, years)48.947.9Male37.3%26.8%Type of practice  Private33.9%32.8%  Public41.1%48.3%  Mixed25.0%14.9%  Other04.0%

The demographic characteristics of the 304 active physicians are summarized in Table [1](#Tab1){ref-type="table"} and compared with those of a geographically representative sample of French physicians drawn from the DREES database \[[@CR26]\]. The two populations were generally comparable, except for a higher percentage of males and a much higher percentage of general practitioners in private practice among the participating physicians.

Data collection for the ambispective cohort took place from 22 June 2012, and the mean duration of follow-up was 20.9 months \[95% confidence interval (CI) 20.4--21.4\]; 73.6% of participants were followed for 24 months. A total of 24 physicians discontinued their participation during the study, resulting in 56 people with type 2 diabetes being lost to follow-up.

Study Population {#Sec11}
----------------

A total of 1131 participants were enrolled into the ambispective cohort, of whom 98 (8.7%) were subsequently excluded; the most common reason for exclusion (*n* = 81, 82.7%) was no treatment with saxagliptin started at enrollment or in the 6 months prior to enrollment. Thus, the analysis of the ambispective cohort included 1033 participants, of whom 97.5% were treated with saxagliptin and the remainder with a saxagliptin/metformin fixed-dose combination. Overall, 777 participants (75.2%) were enrolled by GPs; the mean number of patients enrolled by each active physician was 3.6 (range 1--8).

Clinical Characteristics {#Sec12}
------------------------

The clinical characteristics of participants in the ambispective cohort at the time of starting saxagliptin are summarized in Table [2](#Tab2){ref-type="table"}. The mean age of the patients at the time of diagnosis of type 2 diabetes was 54.3 years (95% CI 53.6--55.1), and the mean age at starting saxagliptin was 61.2 years (95% CI 60.4--61.9). The mean BMI at baseline was 29.8 kg/m^2^ (95% CI 29.5--30.2), and 83.9% of patients were overweight (BMI ≥25 kg/m^2^). The mean HbA1c level at baseline was 8.0% (95% CI 7.9--8.1%), and 79% of patients had an HbA1c level ≥7%.Table 2Clinical characteristics of the 1033 participants at inclusion^a^Physician specialtyGeneral practitionerEndocrinologist/diabetologist*N* = 777*N* = 256Age at starting saxagliptin (years)61.5 ± 11.059.9 ± 13.8  \<65 years519 (66.7%)173 (67.6%)  65--75 years156 (20.0%)56 (21.7%)  75--80 years61 (7.8%)14 (5.6%)  \>80 years42 (5.4%)13 (5.2%)Time between diagnosis of diabetes and starting saxagliptin (years)6.7 ± 6.28.3 ± 9.2Starting saxagliptin  At inclusion459 (59.0%)174 (68.0%)  Before inclusion318 (41.0%)82 (32.0%)Weight (kg)84. 7 ± 16.285.7 ± 19.7Body mass index (kg/m^2^)29.7 ± 5.130.3 ± 5.8Last known HbA1c value (%)8.0 ± 1.38.1 ± 2.1Time between last known HbA1c value and starting saxagliptin (months)0.6 ± 0.80.5 ± 0.9Macrovascular diabetic complications  Angina pectoris3.6%6.0%  History of myocardial infarction3.9%8.5%  Peripheral arterial occlusive disease of the lower limbs4.3%3.4%  History of stroke2.6%2.1%  Heart failure1.6%1.3%Microvascular diabetic complications  Any microvascular complication23.4%37.7%  Retinopathy1.5%5.1%Renal impairment  Moderate^b^11.2%12.2%  Severe^c^00.3%  Microalbuminuria^d^6.4%16.7%  Proteinuria^e^1.8%1.6%Cardiovascular risk factors  Current or recent (\<3 years) smoker21.0%10.9%  No regular physical exercise66.6%54.8%  Treated dyslipidemia62.2%61.7%  Treated hypertension64.5%59.0%Comorbidities  History of acute pancreatitis0.5%0.8%  Chronic pancreatitis0.2%0  Hepatic impairment0.9%0^a^Data are presented as mean ± standard deviation or as numbers and percentages^b^Creatinine clearance 30--60 ml/min^c^Creatinine clearance 15--29 ml/min^d^At least one measurement 30--300 mg/24 h or 20--200 mg/l, or urine creatinine 30--300 mg/g^e^At least one measurement \>300 mg/24 h or \>200 mg/l, or urine creatinine \>300 mg/g

Overall, 26.9% of the participants had at least one microvascular diabetic complication, and these were more likely to be enrolled by specialists than by GPs. For macrovascular complications, 4.2% had angina pectoris, 5.1% a history of myocardial infarction, 2.5% a stroke and 1.6% heart failure. Treatment for dyslipidemia was prescribed for 62% of the population, and a similar percentage was prescribed antihypertensive therapy. Secondary cardiovascular prevention status was observed in 13% of the patients, i.e., those patients presenting with angina, myocardial infarction, peripheral arterial disease or stroke when starting saxagliptin.

Patient selection biases were assessed by comparing data from included and non-included patients. Compared with non-included patients, included patients weighed slightly less (*P* = 0.041), had a lower BMI (*P* = 0.014), were younger at time of T2D diagnosis (*P* = 0.015), had been diagnosed with T2D for a longer period of time (*P* \< 0.0001) and the last known HbA1c value before consultation was slightly lower (*P* \< 0.0001).

Glucose-Lowering Therapy {#Sec13}
------------------------

Prior to starting saxagliptin, the majority of participants (91.3%) were prescribed oral glucose-lowering drugs alone, with 6.0% prescribed either insulin or a GLP-1 analog alone or with oral drugs, and 2.8% were not receiving any glucose-lowering medication. Compared with GPs, specialists were slightly less likely to prescribe oral drugs alone and more likely to prescribe insulin. Among the participants receiving oral drugs alone, 66.4% were on monotherapy, 28.9% on dual therapy and 4.7% on combinations of three or more agents. Specialists were more likely than GPs to prescribe dual combination therapy: 35.1% of participants enrolled by specialists were receiving dual combination therapy compared with 27.0% of those enrolled by GPs. Metformin was the most commonly used oral glucose-lowering drug, accounting for 83.8% of people receiving monotherapy. The most widely used combination was metformin with a sulfonylurea, which was prescribed for 66.1% of people prescribed dual combination therapy. The mean doses of metformin in people on monotherapy and on dual combination therapy were 2032 mg/day (95% CI 1977--2087) and 2164 mg/day (95% CI 2087--2241 mg), respectively.

Starting Saxagliptin Therapy {#Sec14}
----------------------------

For the majority of participants (97.4%), saxagliptin was started by the participating physician, and for 61.2%, saxagliptin was started at the time of enrollment into the study. The most commonly prescribed regimen (52.9%) was a combination of saxagliptin and metformin; 15.1% were prescribed saxagliptin monotherapy, 15.6% a combination of saxagliptin, metformin and a sulfonylurea, and 6.1% a combination of saxagliptin with a sulfonylurea. Combination therapy with saxagliptin and metformin accounted for 55.3% of prescriptions by GPs and 45.9% of prescriptions by specialists. The most common reason for starting saxagliptin was inadequate glycemic control, in 81% of the patient, followed by intolerance to the previous glucose-lowering therapy.

In total, 582 saxagliptin prescriptions (56.4%) were in compliance with the therapeutic indications for saxagliptin and saxagliptin/metformin fixed-dose combination applicable at the time the data were analyzed \[[@CR22], [@CR23]\]. The most common cause of non-compliance, accounting for 57.4% of non-compliant prescriptions, was the use of glucose-lowering medications prior to starting saxagliptin that were not specified in the therapeutic indications. Treatment with metformin alone should have been prescribed before starting saxagliptin; however, 6.3% of participants did not receive any treatment, 14.7% switched to saxagliptin from another DPP-4 inhibitor, and 36.4% received another treatment not specified in the therapeutic indications. In 22.6% of participants, HbA1c values were outside the range specified in the French Guidance for Diabetic Treatment \[[@CR24]\]; in 16.7%, a saxagliptin-containing combination prescribed at starting saxagliptin was not indicated, and in 10.3% of cases, when saxagliptin was started in participants who had previously received metformin alone, it was not due to intolerance to metformin.

According to the definition used by the French authority CNAMTS \[[@CR25]\], 92.7% of saxagliptin prescriptions at baseline conformed to the therapeutic indications, and 76.7% met the conditions for reimbursement. Overall, 76.7% were in compliance with both the therapeutic indications and the conditions for reimbursement.

Retention of Saxagliptin Therapy {#Sec15}
--------------------------------

The overall saxagliptin retention rate at 2 years, estimated by the Kaplan-Meier method, was 78.6% (95% CI 76.0--81.3). The retention rate was higher among participants enrolled by GPs than among those enrolled by specialists (83.6% versus 58.3%, respectively). Similar trends were seen at 6, 12 and 18 months (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Saxagliptin treatment retention rate (percentage of participants remaining on saxagliptin), estimated by the Kaplan-Meier method, over 2 years of follow- up, according to physician specialty. Shaded area indicates 95% confidence interval. Table below figure indicates number of patients still on treatment at each time point

The most common reasons for discontinuation among the 112 patients who discontinued saxagliptin during the 2-year follow-up period were inadequate glycemic control (52.1%) followed by intolerance (21.8%), patient request (14.2%) and poor adherence to therapy (7.8%). Overall, the proportion of participants discontinuing treatment was three times higher among patients enrolled by specialists compared with those enrolled by GPs (21.2% versus 7.4%, respectively); participants enrolled by specialists were more likely to discontinue treatment because of poor tolerability (25.8% versus 18.1%), but less likely to discontinue because of poor adherence (4.2% versus 11.1%). The most common therapies prescribed following discontinuation of saxagliptin were metformin monotherapy (18.3%), metformin plus a sulfonylurea (14.2%), insulin (12.9%) and insulin plus metformin (5.7%).

HbA1c and Weight Under Saxagliptin Therapy {#Sec16}
------------------------------------------

The mean HbA1c at 2 years was 7.0%, with 49% having an HbA1c \<7%, increased from 21% prior to starting saxagliptin (Fig. [2](#Fig2){ref-type="fig"}). When tested individually, the factors retained to estimate the HbA1c value over time were glucose-lowering treatment prescribed and regular physical exercise. These factors were subsequently confirmed in the final multivariable model with *P* \< 0.0001 and *P* = 0.0008, respectively. Time from diagnosis to saxagliptin initiation, age at saxagliptin initiation, physician specialty and time were also found to significantly influence the HbA1c value over time (*P* \< 0.0001 for all effects). The mean HbA1c level estimated by the multivariable analyses decreased from 8.1% (95% CI 7.9--8.2) at baseline to 7.1% (95% CI 7.0--7.3) at 2 years (Fig. [2](#Fig2){ref-type="fig"}). There was little difference between observed HbA1c levels over time and HbA1c values estimated by the multivariable analyses.Fig. 2Percentage of participants with HbA1c \<7% over the 2 years of follow-up, with weighting based on the frequency of consultation within the last 12 months or physicians' sample frame (specialty). The figures above each bar show the (unweighted) mean HbA1c level, with 95% confidence interval (CI), at each time point, as determined by a multivariable analysis adjusted for site and participants as random effects; time from diagnosis to saxagliptin initiation, age at saxagliptin initiation and physician specialty as fixed effects; and physical exercise and glucose-lowering treatment prescribed at initiation as covariates

At 2 years, participants treated with saxagliptin showed a mean weight change of −2.0 kg (95% CI −2.4 to −1.7). No factors individually tested were statistically significant. Age at saxagliptin initiation (*P* = 0.0222), weight at baseline (*P* \< 0.0001) and time from diagnosis to saxagliptin initiation (*P* \< 0.0001) were found to significantly influence change in weight in the final model. Mean weight change at 2 years estimated by the multivariable analysis was −1.8 kg (95% CI −2.2 to −1.5).

Hypoglycemic Episodes, Adverse Events and Comorbidities Under Saxagliptin Therapy {#Sec17}
---------------------------------------------------------------------------------

A total of 294 hypoglycemic episodes were reported in 70 participants (6.8%) during the follow-up period. Of these, 143 episodes in 41 people (4.0%) occurred while saxagliptin was prescribed in combination with agents associated with hypoglycemia, such as insulin, sulfonylureas or glinides. Seven severe hypoglycemic events occurred in six people (0.6%), of whom one was prescribed saxagliptin with a sulfonylurea and one was prescribed saxagliptin plus insulin.

During the follow-up period, adverse events were reported in 228 participants (22.1%), of whom 23 (2.2%) experienced adverse events that were considered to be saxagliptin-related (Table [3](#Tab3){ref-type="table"}). Serious adverse events occurred in 84 participants (8.1%), of which 6 events in 2 participants were considered to be saxagliptin-related: one woman had increases in lipases and transaminases, and one man reported loss of consciousness, speech disorder, hyperhidrosis and staring.Table 3Incidence of adverse events considered to be saxagliptin-relatedNumber of patients (%)Any saxagliptin-related adverse event23 (100.0%)Eye disorders1 (4.3%)  Eye disorder1 (4.3%)  Eyelid edema1 (4.3%)Gastrointestinal disorders12 (52.2%)  Diarrhea6 (26.1%)  Abdominal pain2 (8.7%)  Nausea2 (8.7%)  Upper abdominal pain1 (4.3%)  Stomatitis1 (4.3%)  Vomiting1 (4.3%)General disorders and administration site conditions2 (8.7%)  Hyperhidrosis1 (4.3%)  Malaise1 (4.3%)Hepatobiliary disorders1 (4.3%)  Cytolytic hepatitis1 (4.3%)Investigations1 (4.3%)  Increased lipase1 (4.3%)  Increased transaminases1 (4.3%)Musculoskeletal and connective tissue disorders1 (4.3%)  Arthralgia1 (4.3%)Nervous system disorders4 (17.4%)  Dizziness1 (4.3%)  Headache1 (4.3%)  Loss of consciousness1 (4.3%)  Speech disorder1 (4.3%)  Vertigo1 (4.3%)Psychiatric disorders1 (4.3%)  Staring1 (4.3%)Renal and urinary disorders2 (8.7%)  Microalbuminuria2 (8.7%)Skin and subcutaneous tissue disorders1 (4.3%)  Urticaria1 (4.3%)

New comorbidities were reported in 102 participants (11.7%); the majority (*n* = 80) developed renal disorders and 25 cardiovascular disease. Among the patients who developed renal disorders, 62 (79.5%) had at least one episode of microalbuminuria, 6 (7.8%) presented with renal impairment (creatinine clearance \<60 ml/min), and 13 (19.4%) presented with proteinuria. New cardiovascular diseases were not considered to be associated with saxagliptin treatment; seven people developed a stable angina pectoris, five a myocardial infarction, five a stroke, five peripheral arterial occlusive disease of the lower limbs and three heart failure.

Discussion {#Sec18}
==========

DPP-4 inhibitors such as saxagliptin have an established place in the management of type 2 diabetes \[[@CR9]\] and are recommended for use as monotherapy in people in whom metformin is contraindicated or poorly tolerated, as initial combination therapy with metformin in people with baseline HbA1c ≥ 7.5% \[[@CR27]\] or ≥9.0% \[[@CR28]\], or as add-on therapy with other oral glucose-lowering drugs if adequate glycemic control is not achieved with initial therapy \[[@CR28], [@CR29]\]. The French recommendations for treatment with a DPP-4 are: in monotherapy (objective HbA1c \<6.5%): DPP-4s are not reimbursed, even if it is recognized that they can be used when intolerance to other medications; in bitherapy (objective HbA1c \<6.5%): a DPP-4 with metformin or with a sulfonylurea; in tritherapy (objective HbA1c \<7%): a DPP-4 with metformin and sulfonylureas \[[@CR30]\]. The efficacy and safety of saxagliptin in people with type 2 diabetes have been extensively documented in clinical trials \[[@CR9], [@CR29], [@CR31]\], while the long-term SAVOR-TIMI 53 study has shown that saxagliptin did not increase the composite risk for cardiovascular death, nonfatal myocardial infarction (MI) or nonfatal ischemic stroke when added to a patient's current standard of care (with or without other glucose-lowering therapies) as compared with placebo. However, there was an unexpected imbalance in the rate of hospitalizations for heart failure in the saxagliptin arm \[[@CR32]\].

The results of the present study complement these findings by providing data on the use of saxagliptin in a large population followed under real-world conditions. Although such studies are at risk of selection bias due to the voluntary nature of physician involvement, and their interest in participating in a study if they prescribe saxagliptin, a comparison of the demographic data from participating and non-participating physicians showed few differences between the two groups. Furthermore, the characteristics of the participating physicians were comparable with those of a geographically representative sample of French physicians drawn from the 2012 DREES database, except for a higher percentage of males and a higher percentage of general practitioners in private practice among the participating physicians. The participating physicians can thus be considered representative of physicians practicing in France.

Participants enrolled in this study were broadly comparable with people with type 2 diabetes enrolled in the 2007--2010 French study ENTRED (échantillon national témoin représentatif des personnes diabétiques---National representative sample of people with diabetes) \[[@CR33]\], which involved 4000 people with diabetes. Although there were statistically significant differences between the two populations in terms of age, time since diagnosis of diabetes and BMI, these were numerically small and of minimal clinical significance; these differences may be attributable to differences in patient enrollment methods between the two studies and to changes over time in the characteristics of people with type 2 diabetes in France as this study and the ENTRED study recruited over different time periods.

The frequencies of treatment for dyslipidemia and hypertension were similar to those seen in other French studies. In the 2012 ObEpi study \[[@CR34]\], 60% of the people with type 2 diabetes were treated for lipids and 59% for high blood pressure. These correspond well with the 62% and 63%, respectively, observed in the present study. In the earlier 2007 ENTRED study 59% were treated for lipids, including 47% with statins \[[@CR33]\].

The participants enrolled in the ambispective cohort were typical of people with type 2 diabetes encountered in routine clinical practice, in that a majority were receiving treatment for cardiovascular risk factors such as hypertension, dyslipidemia, or both, and about 5% had a history of cardiovascular ischemic disease \[angina pectoris. 4.2%; MI, 5.1%; stroke, (2.5%); peripheral arterial disease, 4.0%)\]; in addition, about a quarter had microvascular disease (retinopathy and/or nephropathy). More than three quarters had inadequate glycemic control, indicated by an HbA1c level ≥7%, before receiving saxagliptin. Prior to starting saxagliptin, the majority were receiving oral glucose-lowering medications alone, of whom about two-thirds were receiving monotherapy, primarily with metformin. Overall, approximately 56% of prescriptions conformed to the therapeutic indications for saxagliptin applicable at the time of the analysis. Prior to saxagliptin initiation, 3.2% were not receiving any glucose-lowering treatment, while 6.9% were receiving an alternative DPP-4 inhibitor that was replaced with saxagliptin. According to the definition used by the French authority CNAMTS, the percentage of people treated with saxagliptin who met both the therapeutic indications and the criteria for reimbursement was slightly higher than for DPP-4 inhibitors as a class (76.7% versus 72.8% \[[@CR25]\], respectively).

During the 2-year follow-up period, approximately 11% of participants discontinued saxagliptin treatment, and the 2-year retention rate was estimated to be 78.6%. This is comparable with that reported in a French observational study with vildagliptin (VILDA) \[[@CR35]\], as the retention rate in our study may have been underestimated because of premature withdrawals being reported as discontinuations without formal confirmation that patients were no longer receiving saxagliptin. This possibility is supported by the finding that 58 of 90 participants who were recorded as having discontinued treatment subsequently reported that they were still using saxagliptin.

The mean HbA1c level decreased from 8.0% immediately before starting saxagliptin to 7.2% at 6 months and was subsequently maintained at this level throughout the follow-up period: at 2 years, 49% of participants had an HbA1c level \<7%. These results are consistent with those of the VILDA study, in which the mean HbA1c had decreased by 0.8% at 2 years and 57.7% of participants achieved an HbA1c \<7% \[[@CR35]\], and the Odyssée study \[[@CR36]\], in which the mean HbA1c decreased by 0.6% in participants receiving a combination of sitagliptin with metformin.

Participants in this study showed a mean decrease in weight of approximately 2 kg over the 2 years after initiation of saxagliptin. This finding compares favorably with those of a recent meta-analysis of clinical trials with saxagliptin, in which saxagliptin had no clinically relevant effects on body weight, waist circumference or BMI, compared with controls \[[@CR7]\]. DPP-4 inhibitors as a class have neutral effects on body weight \[[@CR37]\], and this is an important advantage over certain other glucose-lowering therapies \[[@CR7]\].

The overall incidence of adverse events in this study was 22.1%, which compares favorably with the 72% reported in an analysis of pooled data from six phase III trials with saxagliptin \[[@CR38]\]. The incidence of severe hypoglycemia (0.6%) was similar to that reported in clinical trials \[[@CR9]\]. Of the 294 hypoglycemic events reported during follow-up, approximately half occurred in people receiving saxagliptin concomitantly with insulin-secreting therapy (insulin, sulfonylurea or glinide). This is consistent with the experience reported in clinical trials \[[@CR9], [@CR29], [@CR31]\].

In our study, 2.4% of patients suffered a cardiovascular event but none was considered to be related with the use of saxagliptin. In the high-risk population of the SAVOR-TIMI trial, overall 12.6% of the population had events as defined by the secondary efficacy end point with 3.5% of patients under saxagliptin being hospitalized for heart failure in comparison to 2.8% of those under placebo, HR (95% CI) 1.27 (1.07--1.51) \[[@CR32]\]. In our lower risk population, cardiovascular events were not frequent, heart failure was reported in only three patients (0.3%), and it was not related with saxagliptin therapy; thus, heart failure does not seem to be an issue in this context.

Approximately 11% of participants had moderate or severe renal impairment at baseline, and 80 developed renal disorders (primarily microalbuminuria) during follow-up. Severe renal impairment is associated with an increased risk of hypoglycemia \[[@CR39]\], while any degree of renal dysfunction is an independent cardiovascular risk factor in people with type 2 diabetes \[[@CR40], [@CR41]\]. The available evidence \[[@CR40]--[@CR42]\] indicates that DPP-4 inhibitors may be a favorable choice as a glucose-lowering therapy in patients with renal diabetic complications. This is reinforced by the low risk of hypoglycemia with saxagliptin, compared with insulin or sulfonylureas, as seen in the present study.

Study Limitations {#Sec19}
-----------------

Observational studies such as this are subject to potential biases resulting from the self-selection of participating physicians and the selection of eligible patients by the physicians. As discussed above, the data suggest that the participating physicians were representative of physicians practicing in France. The possibility of bias in patient selection cannot be excluded, but it should be noted that physicians were asked to enroll participants sequentially without exclusion criteria other than participation in a clinical trial. It should also be noted that 61% of the participants were prescribed saxagliptin at enrollment into the study. However, the characteristics of those who were prescribed saxagliptin before vs. at inclusion in this study were very similar: 60% vs. 58% male, with mean age 62 vs. 61 years, respectively, with identical mean diabetes duration (7 years), BMI (29.8 kg/m^2^) and HbA1c at saxagliptin initiation (8.0%). A further limitation is that data on fasting and post-prandial plasma glucose were not available, although improvements in these measures are known benefits of DPP-4 inhibitor therapy \[[@CR7]\].

Conclusions {#Sec20}
===========

This study has shown that saxagliptin is efficacious in a real-world practice setting. In routine clinical practice, saxagliptin was associated with a decrease in HbA1c of approximately 1.0% and was well tolerated with a low rate of severe hypoglycemia. The retention rate for continuing treatment over the 2 years with saxagliptin was high, 84% in general practitioners and 58% in endocrinologists/diabetologists.
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